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CHAPTER 3 
 
 
METHODOLOGY 
 
 
3.1     INTRODUCTION  
 
This section explains the research framework. Materials, experimental set up, 
inoculum, analytical methods have been demonstrated clearly. The details of 
experimental outcome have been discussed further in the relevant chapters. 
 
3.2     RESEARCH FRAMEWORK  
 
In the proposed system, combination of chemical and biological treatment 
technology focusing on hydrolysis and methanogenesis was tried. With a view to 
achieve the research objectives, H2O2 were selected as pretreatment tool and continuous 
stirred tank reactor (CSTR) was employed as the biological treatment tool. However, in 
each case batch treatment was performed strictly. On the basis of batch treatment results, 
reactor operation was carried out. Batch treatment was performed with trial and error 
methods. Statistical analysis was also worked out with a view to check the validity of the 
results. Figure 3.1 elaborates the research framework to provide a crystal clear view on 
the experimental strategy. 
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  Figure 3.1: Structure of experimental plan 
    Objective 2  
 
Characterization of the Petrochemical 
wastewater was done and batch experiments 
were performed, with applied H2O2 doses of 
0.5, 1 and 1.5% for contact times of 5, 10 
and 15 min.   
  
 
      Objective 3  
 
      Objective 4   
 
      Objective 1 
 
Batch experiments were employed with 
various mixing proportions of petrochemical 
wastewater (PWW): dairy cattle manure 
(DCM): beef cattle manure (BCM), such as 
25: 37: 38, 40: 30: 30, 50: 25: 25, 60: 20: 40: 
20, and 75: 12: 13 and applied in CSTR.  
The anaerobic co-digestion was carried out in 
CSTR with eight different food to microbe ratios 
such as 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, and 2 
for finding maximum COD reduction and bio-
methane generation. 
 
  
 
The anaerobic co-digestion was carried out 
in CSTR with ten different flow rates such 
as 170, 220, 300, 370, 410, 475, 540, 600, 
640 and 680 mL/day for finding maximum 
COD reduction and bio-methane 
generation. 
 
    An incremental set of NH4HCO3 concentrations 
from 10 mg/L to mg/L were applied in batch tests 
to find the optimal dosing for reducing VFA 
accumulation.   
 for 
 
      Objective 5 
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3.3     SAMPLE COLLECTION  
 
A 100-L sample of petrochemical waste water (PWW) was accumulated in 
containers from discharge receiving stream of the Petronas Penapisan (Terengganu) Sdn 
Bhd (petroleum refinery) at Terengganu, Malaysia. However, hydrocarbon degrading 
bacterial strain pseudomonas aeruginosa ATCC 27853 was purchased from BioSynTech 
Malaysia Group Sdn Bhd as it provides the maximum degradation efficiency.   The main 
petrochemical product of this refinery is naphtha. The capacity of this refinery has been 
reported as 2.4 million (metric ton per annum) mtpa. However, naphtha, usually denotes 
to numerous combustible liquid mixes of hydrocarbon, that is a constituent of natural 
gas condensate or a refinement outcome from petroleum, coal tar or peat boiling in a 
definite limit and comprising specific hydrocarbons. It’s an extensive covering among 
the lightest and most volatile portions of the liquid hydrocarbons in petroleum (Rune et 
al., 2004). Naphtha is a colorless to reddish-brown volatile aromatic liquid, very similar 
to gasoline (Rune et al., 2004). As observed the company at this moment is adopting 
chemical treatment which can only capable to remove COD. But the treatment 
technology is not that effective to provide any energy as feedback. Even though, there 
exists a potentiality to produce significant amount of energy using anaerobic digestion 
process.  
 
3.4     SAMPLE PRESERVATION 
 
Approximately 100 kg partially digested beef cattle manure (BCM) and dairy 
cattle manure (DCM) was collected duly from ejection of average-sized farm in 
Gambang, Malaysia. The PWW, BCM and DCM were placed in compact frost 
containers and transferred to preservation cold room. The temperature was maintained at 
4°C during preservation. Effluent pH was maintained around 6.5 by addition of 6N 
NaOH solution. Alkalinity was maintained around 1500–1700 mg/L CaCO3 with 
